M
ORE THAN 80% of boys born with anorectal malformations have a fistula between the rectum and the urinary tract. [1] [2] [3] Repair of these defects necessarily involves the separation of these 2 systems. This generates a significant risk of injury to important structures, including the urethra, bladder, ureters, vas deferens, seminal vesicles, prostate, and important nerves responsible for urinary control and sexual function.
We were motivated to present this experience after seeing and treating a large number of patients that suffered from significant, and sometimes multiple, urologic inuries after the surgical repair of imperforate anus.
An awareness of this problem has existed for many years, and numerous reports exist that list several different types of urologic injuries that occur during the repair of anorectal malformations in boys. However, with the exception of the problem of neurogenic bladder, these reports do not discuss the mechanism of injury in detail, and recommendations on how to avoid these injuries are not made. In this large retrospective review of essentially 2 patient populations, we attempt to analyze the possible causes that contribute to this morbidity, as well as make recommendations to help pediatric surgeons avoid these injuries in the future.
MATERIALS AND METHODS
The medical records and the x-ray studies of 1,003 boys born with an anorectal malformation, and treated and followed by the senior author from 1981 until 2000 were reviewed. Age at the time of surgery varied from 1 month to 33 years. Two groups were identified. Group A included 572 boys who underwent primary repair at our institution using a posterior sagittal approach (PSARP). Group B included 431 boys who underwent their primary repair at another institution and who subsequently came to our hospital for further surgical treatment or bowel management. Any event that could lead to permanent sequela or morbidity or that required additional surgery to be repaired were considered urologic complications. In the event of neurogenic bladder, patients with severe sacral anomalies were excluded because those congenital defects could be responsible for a congenital neurogenic bladder. A literature search on the subject was performed using Med-line, and relevant papers were reviewed. Institutional Review Board approval was not requested for this retrospective review.
RESULTS
A total of 129 injuries in 116 patients were found. In group A, there were 19 injuries in 572 patients (3.3%.) In group B, 431 patients sustained a total of 110 injuries (25.5%.)
The type of surgical approach was correlated to the incidence of injury (Table 1) . In group A, all 572 patients underwent PSARP, for an injury rate of 3.3%. In group B, 122 patients underwent PSARP, and there were 39 injuries (32%). Three hundred nine patients underwent repair utilizing other techniques, and there were 77 injuries (25%.)
Six major types of injuries were identified, and they are listed, along with their incidence, in Table 2 . There were 26 urethral injuries, 7 in group A and 19 in group B. Posterior urethral diverticulae occurred in 23 patients, all in group B. Thirty patients in group B had a recurrent, persistent or acquired rectourethral fistula. Bladder injuries included 27 cases of neurogenic bladder and 1 bladder pull-through, all in group B, and 1 bladder injury in group A. A total of 18 injuries to the reproductive tract were found, 10 in group A and 8 in group B. Finally, there were 3 ureteral injuries, 1 in group A and 2 in group B.
An attempt was made to correlate the type of malformation and the presence of an injury. However, we found that it was impossible to classify the patients in group B, because in many cases only vague descriptions of the anatomy were available. Several of the injuries were examined in greater detail. Table 4 shows the frequency of neurogenic bladder (NB) associated with each type of procedure. All 27 of these cases occurred in group B. There were 12 of 122 (9.8%) in the PSARP group, 9 of 125 (7.2%) in the abdominoperineal group, 1 of 45 (2.2%) in the anoplasty group, 2 of 33 (6%) in the sacroperineal group, and 3 of 12 (25%) in patients operated on by various other techniques. No cases of NB were found consecutive to sacro-abdominoperineal procedures, nor in the 39 patients from whom we did not have information concerning the type of operation that was performed originally.
Twenty-six patients suffered from a urethral injury. The types of injuries encountered are listed in Table 5 . Nineteen were significant and required additional surgery, including 12 stenoses and 7 acquired atresias. It is important to note that in 6 of these cases, the injury involved complete transection of the urethra. All these cases occurred in group B. In group A, we found 7 patients in whom the urethra was opened widely enough to expose the Foley catheter. Primary closure was accomplished in all 7 cases, and no long-term sequelae were observed. Twenty-three of 431 patients (5.3%) in group B had posterior urethral diverticulae. This lesion, which occurs when a segment of the rectum is left attached to the urinary tract, was seen exclusively in patients who underwent an abdomino-perineal approach for a rectourethral fistula.
Thirty postoperative recto-urethral fistulae were seen, all in group B (7%). These lesions exist in 3 forms, persistent, acquired, and recurrent (Table 6 ). There were 16 persistent fistulae. In all 16 cases, the presence of a recto-urethral fistula was not recognized at the time of the first operation. There were 2 acquired fistulae. In both cases, patients without a congenital recto-urethral fistula underwent an anoplasty at their first operation, and subsequently a recto-urethral fistula developed. In both cases, the operation was performed without a Foley catheter in place. There were 12 recurrent fistulae, which occurred in spite of a correct preoperative diagnosis and repair of the fistula at the time of the first operation.
The reproductive injuries that occurred are displayed in Table 7 . In group A, 7 patients were noted to have an opened seminal vesicle at the time of their primary repair. This event was recognized in 1 patient in group B. Immediate repair was accomplished in all cases. It is too early in the course of these patients' lives to know the long-term consequences of this event. Six patients sustained division of a vas deferens, 2 in group A and 4 in group B. In addition, in group B, there is 1 patient who is impotent, and 2 are unable to ejaculate. There are no data on fertility.
DISCUSSION
We have struggled with the best way to present these data. We are well aware of the limitations of a retrospective review of this kind. Furthermore, we are acutely cognizant of the fact that the population in group B is a select population, and is highly unlikely to represent the general experience at other institutions. We certainly do not mean to imply that the general rate of urologic injury is so high.
However, we believe that the number of urologic injuries seen in group B is significant, especially in light of the fact that the majority were most likely preventable. We also believe, in spite of the limitations of the study, the data still can be used to identify the most common causes that contribute to these complications. Finally, based on our experience with the patients in group A, we feel justified in making recommendations that may help pediatric surgeons avoid these complications in the future.
An overview of the results allows us to detect certain patterns. For instance, of all the different operations done at other institutions, the posterior sagittal approach provoked one of the highest incidences of urologic injuries. This is rather distressing, given the authors' well known point of view. We suspect, but cannot prove, that it in part is caused by the selection bias of the patients in group B. Group B patients most likely represent a subset of patients in whom a complication did occur, and then came to our institution for further care.
Another trend that became obvious is that a posterior urethral diverticulum occurs almost exclusively when patients born with a recto-bulbar urethral fistula undergo an abdomino-perineal operation, and a segment of rectum is left attached to the urinary tract. We also found that persistent recto-urinary fistulae occurred when the surgeon failed to recognize the presence of a congenital recto-urethral fistula and attempted to repair the lesion with an anoplasty. Finally, the performance of a preoperative distal colostogram to show the level of the rectourinary fistula appears to have a preventative effect when it comes to urologic injuries.
Risk of Operative Technique
We found that most of the injuries identified in our study were at least mentioned in the literature we reviewed. However, most did not go into the same type of detail as in the current study. For instance, we felt that it would be useful to try to determine the risk of injury for each type of operative technique used to repair the anorectal malformation (Table 1) . Most of the reports did not attempt to compare different surgical techniques. Some investigators have attempted to correlate the surgical approach with the type of injury. Tank et al, 11 in 1972, reviewed 100 cases of anorectal malformations repaired via an abdomino-perineal approach. He found 2 urethral strictures, 1 persistent fistula, and a 10% incidence of postoperative neurogenic bladder. They conclude that those injuries were produced only in patients that underwent repair as newborns without a colostomy. They proposed that the repair be delayed until after the patient reached the weight of 25 lbs. Nakayama et al 19 in 1986 reported complications that occurred only consecutive to posterior sagittal operations, including a recur- rent recto-urethral fistula. McLorie et al 27 in 1998 reported 6 cases of serious urologic injuries that occurred during the repair of an anorectal malformation. All of the patients were operated on posterior sagitally. Three patients suffered from partial urethral disruption, and 3 others had complete disruptions of the urethra from the bladder. They concluded that the PSARP may make the appreciation of the anatomy more difficult.
Urethral Injuries
Urethral injuries have been mentioned by many investigators. 4 ,6,10-13,15-19,26 Our own experience includes 7 patients in whom the foley catheter was exposed during the separation of the rectum from the urinary tract. The problem was recognized immediately, and the urethra was repaired without long-term consequences. These problems occurred early in our series, and we have not seen a similar case during the last 13 years. A review of the operative reports of the 19 patients that suffered severe urethral injuries at other institutions found several interesting factors. Ten of the patients originally underwent PSARP. In all 10 cases, no preoperative distal colostogram was performed. Consequently, the posterior sagittal approach was performed without prior knowledge as to the level of the fistula. In this situation, the likelihood of urethral injury clearly is increased. Eight patients suffered urethral injuries during the performance of an abdomino-perineal procedure. One can only speculate as to the cause of the injury. We suspect that it results when excessive traction is applied during the dissection of the rectum, leading to transection or injury to the urethra. Three patients sustained urethral injuries during the repair of a perineal fistula. All 3 underwent anoplasty without a catheter in the urethra. A urethral injury in this type of malformation is extremely unfortunate, because these patients have an excellent prognosis. It is extremely important for the surgeon to keep in mind that, even in this type of defect, the rectum still is intimately attached to the urethra, and a meticulous dissection and separation of the 2 structures is necessary. The presence of a Foley catheter can only aid in the identification of the anatomy.
We believe that urethral injuries are 100% preventable. Except in cases of recto-perineal fistulas, the repair never should be performed without a preoperative distal colostogram. 28 We believe that this is the most valuable study in the management of anorectal malformations. A search for the rectum in the operating room without advance knowledge of the location of the fistula, clearly will lead to an increased chance of injury.
Neurogenic Bladder
Neurogenic bladder after the repair of an anorectal malformation has been mentioned by most of the investigators. 9-13,15,16,18,21-25 Tank 11 reported a 10% incidence of neurogenic bladder. Wiener and Kiessewebber 13 studied 200 patients and found an 18% incidence of neurogenic bladder. They believed that only 3 of them were secondary to iatrogenic causes. Ralph et al 23 reported on 58 patients referred for urology consultation after repair of an anorectal malformation. Thirty-two of those 58 patients (55%) suffered from neurogenic bladder! Twenty-nine of them were hyperreflexic, and 3 were atonic. Ralph et al 23 are some of the very few investigators who try to clarify the difference between a neurogenic bladder that is congenital and one that is secondary to surgery. They believe that the atonic type of neurogenic bladder could be attributed to surgical injury, whereas the 29 patients with hyperreflexic bladders most likely had some form of upper motor neuron deficiency. In support of this conclusion is that all 29 had significant spinal abnormalities associated with their malformations. Boemers et al 25 reported the most comprehensive series of patients, evaluating the degree of damage that resulted from the surgical repair. In their report, a study of 27 cases, urodynamic studies were performed before and after surgery. They concluded that the posterior-sagittal anorectoplasty and its variants do not affect lower urinary tract function unless the surgical techniques are combined with major transabdominal procedures and extensive retrovesical dissection. This conclusion is supported by our findings when group A is considered alone because no case of NB was seen in this group. However, in group B, 12 of the 122 patients who underwent PSARP had NB (10%). When we examined these cases to ascertain a possible cause, we found that all 12 did not undergo a preoperative distal colostogram. Our decision to eliminate patients with significant sacral abnormalities 
Postoperative Recto-Urethral Fistulae
A recto-urethral fistula after an operation for imperforate anus is a well known problem. 5, 6, 9, 11, [14] [15] [16] [17] 19, 20 Duffy, 5 in 1951, published an interesting case of a patient who underwent surgical repair as a child but was left with a persistent fistula, which was discovered 27 years later! Spence 6 reported one case of an acquired rectourethral fistula after an anoplasty in 1954. Williams and Grant, 9 in 1969, described a persistent recto-urethral fistula that he repaired by interposing omentum between rectum and urethra. Tank et al 11 mentioned one case of a persistent recto-urethral fistula. Carlton et al 14 described 3 recurrent recto-urethral fistulas in 1973. Finally, Persky et al 15 also described a case of a persistent urethral fistula in 1974.
We found that postoperative recto-urethral fistulae occur in 3 forms: those that are persistent, those that are acquired, and those that recur. Sixteen patients in group B suffered from a persistent recto-urethral fistula (Table  6 ). Clearly, this is because the existence of a congenital fistula was not recognized at the time of the initial repair. Twelve patients suffered from a recurrent recto-urethral fistula. In these cases, the congenital fistula was recognized and surgically repaired but subsequently recurred. We speculate that either anastomotic dehiscence or injury to the rectal wall plays a role in this event.
Acquired recto-urethral fistulae occurred when a recto-perineal fistula was repaired, and the urethra was injured during the anoplasty. This happened in 2 cases and was associated with the lack of an intraoperative urethral catheter both times.
Posterior Urethral Diverticulum
The posterior urethral diverticulum also has been reported in the literature. 8, 9, 12, 13, [15] [16] [17] [18] 20 The first reports that we were able to find came from Currarino 8 and Williams and Grant. 9 Williams and Grant mentioned their concern about the formation of stones inside the piece of rectum attached to the urethra and only operated on those patients when they had a stone.
In our series, there were 23 of 431 patients in group B with this problem and none in group A. As mentioned previously, this problem occurrs when an abdominoperineal approach is used to repair recto-urethral fistulae, and an excessively long segment of rectum is left attached to the urethra. Pediatric surgeons should be aware of this complication, especially if they are faced with an adolescent or adult patient with a history of an abdomino-perineal repair and symptoms of urinary incontinence, infections, or stones. Surgical excision of the diverticulum always is indicated, because we have seen one patient in whom malignant transformation in the diverticulum developed. 27 
Reproductive Tract Injuries
Eighteen patients suffered from some form of reproductive tract injury ( Table 6 ). Five of them occurred during posterior sagittal operation performed at other Institutions, 10 during PSARP performed by us, one during a sacro-perineal approach, and 2 during abdomino-perineal operations. We found only 1 report, that of Carlton et al, 14 that discussed these injuries. Their report mentioned 1 case in which a vas deferens was divided. In our series, there were 6 vas injuries: 2 in group A and 4 in group B. In at least 5, including both patients in group A, there was no preoperative distal colostogram, and the vas was injured during a search for a very high rectum. The importance of the distal colostogram has since been recognized and is now routinely utilized in our practice.
In a total of 8 cases, a seminal vesicle was opened at the time of primary repair. In all cases, immediate repair of the injury was performed. No short-term sequelae were observed, but it is too early to comment on the long-term consequences of this event. Seven of these were in group A. It is possible that the incidence of this event in group B is higher, but the complication was not recognized and consequently not reported. It is our experience that the seminal vesicles lie very close to the rectum and that a meticulous dissection at the level of the rectal wall is necessary to avoid injuring adjacent reproductive structures such as seminal vesicles or the prostate.
There is a significant risk of urologic injury during the repair of an anorectal malformation in a male patient. The posterior sagittal approach, if performed without a preoperative distal colostogram, has a significantly higher risk than other surgical approaches. There are 6 major types of injuries seen, many of which can be avoided by the appropriate preoperative workup and intraoperative management. The preoperative pressure augmented distal colostogram appears to be the most important test that can be done to avoid intraoperative urologic complications. We recommend the placement of Foley catheters during the repair of all of these malformations, including perineal fistulas. Pediatric surgeons should suspect a posterior urethral diverticulum in any patient with urinary symptoms and a history of a repair via an abdomino-perineal approach.
